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(57) [Abstract] 

[Problem] Offer of nonaqueous electrolyte secondary battery 
which raising use ratio of active substance in positive electrode, 
it makes high capacity. 

[Means of Solution] Secondary battery which designates that 
regarding nonaqueous electrolyte secondary battery which 
consists of positive electrode , electrolyte layer which at least 
contains nonaqueous electrolyte solution, and lithium 
intercalatable and deintercalatable negative electrode, positive 
electrode contains conductor, it issomething to which said 
conductor includes expanded graphite and is constituted 
asfeature. 



[Claim(s)] 

[Claim 1] Secondary battery which designates that regarding 
nonaqueous electrolyte secondary battery which consists of at 
least positive electrode , electrolyte layer which contains 
nonaqueous electrolyte solution, and lithium intercalatable and 
deintercalatable negative electrode, positive electrode contains 
conductor, it issomething to which said conductor includes 
expanded graphite and is constituted asfeature. 

[Claim 2] The esecondary battery which is stated in Claim 1 
where expanded graphite being expanded graphite or milled 
product of compression molded article of expanded graphite, 
average particle diameter is 1 to 30 m. 

[Claim 3] The secondary battery which is stated in Claim 1 or 
2 where crystal interlayer spacing d002 of expanded graphite 
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or milled product of compression molded article of expanded 
graphite belowthe 0.337 nm, size Lc ofthe crystallite of C-axis 
direction is above 10 nm. 
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[Claim 4] . Secondary battery which is stated in Claim 1 , 2 or 3 
where specific surface area ofthe expanded graphite or milled 
product of compression molded article of expanded graphite is 
above 10 m2/g. 

[Claim 5] Secondary battery which is stated in Claim 1 , 2, 3 o 
r 4 wherethe density of expanded graphite or milled product of 
compression molded article of expanded graphite is abovethe 2. 
00 g/cm3. 

[Claim 6] Secondary battery which is stated in Claim 1 , 2, 3, 
4 or the5 where content in positive electrode of theexpanded 
graphite or milled product of compression molded article of 
expanded graphite is 5 weight % or less of positive electrode 
total weight 

[Claim 7] Secondary battery which is stated in Claim 1 , 2, 3, 
4, the5 or 6 where positive electrode active material is lithium 
containing composite oxide. 

[Claim 8] Lithium containing composite oxide, is lithium cont 
aining manganese composite oxide, secondary battery which is 
stated in Claim 7. 

[Claim 9] Secondary battery which is stated in Claim 1 , 2, 3, 
4, 5, 6, 7 or 8 which are something where thepositive electrode 
contains conductive polymer. 

[Claim 1 0] Electrolyte layer, secondary battery which is stated 
in Claim 1 , 2, 3, 4, 5, 6, 7, 8 or 9 whichare a polymeric solid 
electrolyte layer. 
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[Description of the Invention] 
[0001] 

[Technological Field of Invention] This invention regards non 
aqueous electrolyte secondary battery. 

[0002] 

[Prior Art] Progress of miniaturization , thinning , weight redu 
ction of electronic equipment of recent years is remarkable. 
Especially from desktop type miniature weight reduction it has 
done to laptop type , notebook type regardingthe OA field. In 
addition, also field of electronic memopad , electronic still 
camera or other new miniature electronic equipment appears. 
Furthemiore also development of memory card which is a new 
memory media inaddition to miniaturization of conventional 
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hard disk , floppy disk, is advanced. In wave of miniaturization , 
thinning , weight reduction of this kind of electronic equipment, 
making high performance has beenrequired to also secondary 
battery which supports these electric power. During this kind of 
demand, development of lithium secondary battery was 
advancedquickly as high energy density battery which is 
substituted to lead storage battery and NiCd battery. 

[0003] As negative electrode active substance which is used for t 
hese, when it uses lithium metal, as theelectrode high 
electromotive force is acquired, high densification is easy to do 
with light weight. With charge-discharge, dendrite forms, this 
disassembles electrolyte solution such as,gives adverse effect. 
Furthermore, when this dendrite grows, there was a problem 
which reaches tothe positive electrode, causes short circuit 
inside battery. Then, when it uses lithium alloy, as negative 
electrode this kind of problem iseased, but, could not acquire 
kind of capacity which it can be satisfied asthe secondary 
battery. Because of this, lithium intercalation and release it to 
be possible as negative electrode active substance. It is 
proposed that carbon material where safety is high is used. You 
did many researches to today. It has been proposed furfuryl 
resin to for example , Japan Unexamined Patent Publication 
Hei 2-66856 as negative electrode active substance, that 
theelectrical conductivity carbon material which burnt with 
1 100 °C is used. In addition, using electrical conductivity ' 
carbon material which under insert atmosphere, thermal 
processing does the aromatic polyimide with temperature of 
2000 °C or higher and is acquired for negative electrode active 
substance isdisclosed in Japan Unexamined Patent Publication 
Showa 61-277515. Furthermore, using those which 
graphitization do easily graphitized spherical shape carbon, to 
Japan Unexamined Patent Publication Hei 4-1 1 5457for 
negative electrode active substance is disclosed. Furthermore, 
with Japan Unexamined Patent Publication Showa 61-77275, 
secondary battery which usesthe carbon material of insulating 
property or semiconductor property of polyacene structure 
whichthermal processing is done phenol type polymer for 
electrode , has beendisclosed . 

[0004] On one hand, as positive electrode active material, ther 
e is a TiS2, M0S2, Co 2S6, V205,the Mn 02 and CoO 2 or 
other transition metal oxide , or transition metal chalcogen 
compound etc. Example which designates inorganic material 
as active substance was many researched. Furthermore, recently, 
operating voltage shows 4V because of energy-raising,the 
lithium cobalt oxide , lithium nickel oxide etc, composite 
oxide which possesses layered structure which is shown with Li 
M02, or lithium composite oxide which possesses spinel 
structure which is shown with Li M204is proposed, ( Japan 
Examined Patent Publication Sho 63-59507 and Japanese 
Examined Patent Application 8-21431). These lithium 
composite oxide are synthesized by calcining with high 
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temperature with carbonate , hydroxide , nitrate saltetc as 
starting material. These active substance, in solvent which 
melts adhesive, with conductor inorder to grant electrical 
conductivity blending doing, coating and drying doing on 
collector, it produces electrode. Here, natural graphite , 
artificial graphite etc was used to conductor, so far generally. 
These when it makes content where sufficient electrical 
conductivity is acquired, decide thatthe content of active 
substance decreases, it is disadvantageous in capacity increase. 
When content of conductor is decreased, sufficient electrical 
conductivity is not acquired, use ratio of positive electrode 
active material was low, after all, capacitydecreased. 
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[Problems to be Solved by the Invention] Objective of this inve 
ntion, raising use ratio of active substance in positive electrode, 
is to offer the high capacity nonaqueous electrolyte secondary 
battery. 

[0006] 

[Means to Solve the Problems] Aforementioned objective is ach 
ieved, conductor for positive electrode, when the expanded 
graphite , or expanded graphite , or milled product of 
compression molded article of expanded graphite is included, 
content being trace, raising use ratio of positive electrode 
active material in themaximum, discovering fact that high 
capacity nonaqueous electrolyte secondary battery is acquired. 
On basis of this knowledge, it arrived in this invention, it 
waspossible to solve aforementioned technology problem. You 
explain below, concerning nonaqueous electrolyte secondary 
battery of this invention. 

[0007] 1. conductor 

As for conductor which is used with this invention, aforementio 
ned sort, it is somethingwhich is constituted by including the 
expanded graphite , or expanded graphite , or milled product 
of compression molded article of expanded graphite . As for 
theaforementioned expanded graphite, those which are acquired 
by known method be able to use , there is not restriction in 
especially thetypes. for example , natural graphite , Kish 
graphite , pyrolytic graphite or other graphite which highly 
crystalline conversion is done , doing chemical treatment , 
electrolytic treatment or other oxidation treatment which is 
soaked in strongly acidifying property solution of mixed acid 
of concentrated sulfuric acid and nitric acid , mixed acid of 
concentrated sulfuric acid and potassium permanganate, mixed 
acid of concentrated sulfuric acid and hydrogen peroxide water . 
Forming graphite-sulfuric acid intercalation compound, after 
water washing , drying, heating quickly, you canlist those which 
expand to C-axis direction of graphite crystal. 
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[0008] As for aforementioned expanded graphite or milled pro 
duct of compression molded article of expanded graphite, is 
acquired by pulverization doing expanded graphite or 
compression molded article of expanded graphite. When 
pulverization it does expanded graphite, pulverization it is 
possible to do thatway, but, when one which those which 
compression molding are done pulverization is done in sheet , 
block , ring or other optional shape , the grinding efficiency is 
good , compared to the case the pulverization it does that way . 
Concerning pulverization, it is possible to do with mechanical 
milling method of the public knowledge. And, from 
adhesiveness or other point of dispersal property , film forming 
behavior , painted film of paint, As for these average particle 
diameter, 1 to 30 m , specific surface area above 10 m2/g, It 
is desirable for density to be above 2.00 g/cm3. In addition, 
from point, electrical conductivity, crystal interlayer spacing 
d002 below 0.337 nm. It is desirable for size Lc of crystallite of 
C-axis direction to be abovethe 10 nm. Also mixing with 
conventional natural graphite , artificial graphite, it is good 
using with alone usingthese, as conductor, conductor of 
aforementioned this invention, usually, is used at thequantity of 
5 weight % or less of positive electrode total weight. 
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[0009] 2. positive electrode active material and positive electro 
de 

You explain below, concerning constitution of battery which isu 
sed with this invention. As for positive electrode active 
material which is used in battery of this invention TiS2,the 
MoS2, C02S6, V205, Mn02and CoO 2 or other transition 
metal oxide , transition metal chalcogen compound , and you 
can list composite ( Li composite oxide ; LiCo02 , LiNi02 , 
LiF e02 and LiMn204 . In addition, Li Co XO2, Li Ni X02, 
LiF eX02, Li Mn 2X04 etc which replaces portion of Co , Ni , 
Fe , Mnwith other element X. ) or other inorganic active 
substance of these and Li. Even among them as for Li- 
containing composite oxide and especially Li-containing Mn 
composite oxide, aforementioned way compatibility of 
aforementioned conductor of thethis invention to be good, with 
trace quite satisfactory electrical conductivity showing. These 
are synthesized by calcining with high temperature with for 
example carbonate , hydroxide , nitrate salt etcas starting 
-material. 
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[0010] It is possible to these inorganic positive electrode active 
material, to contain conductive polymer or other other active 

substance. As for for example , LiMn204 , Li Mn (2-a) 
Xa04 or other inorganic active substance, with just that 

electrical conductivity is bad. Because there is not a self 
moldability, it is necessary to add conductor , adhesive to 
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thelarge scale. On one hand, polyacetylene , polypyrrole , 
polyaniline or other conductive polymer material it has with 
lightness , fabricability or other benefit, but, has deficiency 
that energy density of per volume is low. Because of that, 
composite electrode of aforementioned both is proposed asthe 
aforementioned inorganic active substance and method which 
supplies mutual deficiencyof conductive polymer, ( Japan 
Unexamined Patent Publication Showa 63-102162, Japan 
Unexamined Patent Publication Showa 63-314763, Japan 
Unexamined Patent Publication Hei 3-298067, Japan 
Unexamined Patent Publication Hei 4-322057, Japan 
Unexamined Patent Publication Hei 6-68866 and Japan 
Unexamined Patent Publication Hei 6-318452). When 
aforementioned way you use for composite making electrode of 
inorganic active substance of theconductive polymer, 
satisfactory painted film be able to form aforementioned 
conductor of the this invention, very, quite it is effective. 
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[001 1] Even in case of composite making of this kind of condu 
ctive polymer, satisfactory painted film be able tofonn 
conductor of this invention, very, quite it is effective. As for 
these active substance, when above-mentioned conductive 
polymer is not contained, in solvent which melts adhesive, 
blending doing including theconductor of this invention, 
coating and drying doing on collector, it produces electrode. As 
aforementioned adhesive, listing Teflon , polyethylene , 
nitrile rubber , polybutadiene , butyl rubber , polystyrene , 
styrene / butadiene rubber , nitrocellulose , cyanoethyl cellulose , 
polyacrylonitrile , polyvinyl fluoride , polyvinylidene fluoride , 
polychloroprene , polyvinyl pyridine etc. These are used with 
alone, or mixture, strengthening electrolyte resistance 
furthermore, with copolymerization etc, are used. Therefore, 
if it does not melt in electrolyte solution, or does not react, it 
isnot something which is limited in aforementioned ones. In 
addition, as for content of these adhesive, 1 to 20 weight % is 
desirable. 

[0012] 3. negative electrode active substance and negative elect 
rode 

As cathode material which is used for nonaqueous electrolyte sec 
ondary battery of this invention, It can use lithium metal , 
alloy of Pb , Bi , Sn or other low melting point metal and Li, 
Li - Al alloy or other lithium alloy , carbon material etc. 
Among these carbon material is desirable. As this example, 
listing insulating property or semiconductor carbon body 
which is acquired by calcining phenol , polyimide or other 
synthetic polymer , natural polymerwith reducing atmosphere 
of 400 to 800 °C, electrically conductive carbon body which 
is acquired by calcining coal , pitch , synthetic polymer , or 
natural polymer withthe reducing atmosphere with 800 to 1300 
°C, those which are acquired coke , pitch , synthetic 
polymer , natural polymer by under reducing atmosphere 



ISTA r s ConvertedKokai(tm), Version 1 .2 (There may be errors in the above translation. ISTA cannot 
be held liable for any detriment from its use. WWW: http://www.intlscience.com Tel:800-430-5727) 



P.7 



JP 98188993 Machine Translation 

«riBjEa(DJi^tH*<fe*«fre>a^i*iaafe*ffli^ 



[0 0 13] SUfEjEfiSSSli. CtifcaMrfcCTJEW* 
[0 0 14] 4. jE^SJfcEtt 

a*. 7;ua-^ix. ^y^x>, 



[0 0 15] 4 5>lc**iBlcttffl$*i4iE«*B»lte<fciy 

t> 0 a®ib£isir c 1 1= * y s*»»cDft»iia^*# < & 
raaiBft»a*ifi-rcticckys*5it*«#©e*tt* 
x^><7tffcy. c*ir=j:y*«i**aiiift-r*ctA«-c 

*<Dtf#*Ll\ 7JU 5 x^Att*&*H^«r ? 
^^^fflaiiT^S-^AtDKK-^^SIgSWSTtfSC 



[0 0 16] 5. JMcMft 

As F 6 , L i P F 6 „ L i BF 4 , L i B r, Li C F 3 S O 



calcining withthe temperature of 2000 °C or higher, and 
natural graphite or other graphitic carbon body. It is not 
something which is limited in these, furthermore mixing 
thealone , or two kinds or more, it is possible to use these, 
making sheet of carbon body, uses carbon body and wet type 
paperlaying method from adhesive which is similarto case of 
aforementioned positive electrode, it is produced from paint 
which mixes suitable adhesive to caibon material bythe painting 
method . 

[0013] As for aforementioned positive and negative electrodes, 
can produce in collector by according to need, bearing with 
coating , glueing and the pressure bonding or other method . 

[0014] 4. positive and negative collectors 

As positive electrode collector which is used for this invention f 
or example you can list , stainless steel , gold , platinum , 
nickel , aluminum , molybdenum , titanium or other metal 
sheet, metal foil , metal net , punched metal , expanded metal , 
or net and nonwoven fabric which consist of metal plating fiber , 
metal vapor deposited wire , metal-containing synthetic fiber 
etc. When of electrical conductivity , chemical stability , 
electrochemical stability , economy , fabricability etc is 
thought even among them, especially it isdesirable to use 
aluminum , stainless steel. Furthermore aluminum is desirable 
from lightness , electrochemical stability of preferably. 

[0015] Furthermore as for surface of positive electrode collecto 
r layer and/or negative electrode collector layer which is used 
for this invention,the surface roughening it is desirable to be 
done. As contact area of active material layer becomes large, 
by administering surface roughening,also adhesion improves, * 
there is an effect which lowers impedance as battery . In 
addition, adhesion of active substance by administering surface 
roughening at thetime of electrode drawing up making use of 
paint solution, and collector it canimprove largely. There is 
grinding, a blast treatment , chemical or a electrochemical 
etching due to emery paper as surface roughening. Because of 
this surface roughening is possible collector. Especially in case 
of stainless steel, blast treatment . In case of aluminum, it is 
desirable to use etched aluminum which etching treatmentis 
done. As for aluminum because it is a soft metal, with blast 
treatment it isdifficult to administer effective surface 
-roughening, deformation of aluminum itself is caused. Vis-a-vis 
this, as for etching treatment surface surface roughening is 
possibleeffectively with order of micro without deformation of 
aluminumand lowering strength itself. As surface roughening of 
aluminum it is most desirable method. 

[0016] 5. nonaqueous electrolyte solution 

As electrolyte salt which forms nonaqueous electrolyte solution, 
listing LiC104 , Li AsF6, Li PF6, the Li BF4, Li Br, Li 
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CF3S03, Li N (CF3S02) 2 and Li C (CF3SO2) 3 etc. It is not 
something which especially is limited. As electrolyte 
concentration, it differs depending upon electrode , electrolyte 
solution which is used, butthe 0.1 to 10 mol/l is desirable. And, 
as solvent which forms nonaqueous electrolyte solution, for 
example , tetrahydrofuran , 2- methyl tetrahydrofuran , 1,4- 
dioxane , dimethoxy ethane or other ethers . 
dimethylformamide , dimethylacetamide or other amides . 
acetonitrile , benzonitrile or other nitriles . dimethyl sulfoxy 
sulfolane or other sulfur compound . dimethyl carbonate , 
diethyl carbonate , methylethyl carbonate , methyl isopropyl 
carbonate or other linear carbonate ester. You can list 
ethylene carbonate , propylene carbonate , butylene carbonate 
or other cyclic carbonate ester etc. It is not something which is 
limited in these, in addition, mixing the 2 kinds or more, it is 
good using these even with alone. 

[0017] In addition, when with this invention polymeric solid el 
ectrolyte is used even, there is abig effect. As polyethylene 
oxide , polypropylene oxide , polyvinylidene fluoride , 
polyacrylonitrile or other polymer matrix, composite which 
melts electrolyte salt in these, or, furthermore gel crosslink 
which contains solvent, polymeric solid electrolyte which low 
molecular weight polyethylene oxide , crown ether or other 
ionicly disassociated group does grafting in polymer main chain, 
gel polymeric solid electrolyte etc which contains 
aforementioned electrolyte solution inthe high molecular 
weight polymer, can list . 

[0018] Separator can be used regarding battery of this invention. 
As separator it is a low resistance vis-a-vis ion migration of 
electrolyte solution. At same time it is good to use those which 
zyq superior in solutionretention. nonwoven fabric filter which 
consists of glass fiber , filter, polyester, Teflon, Polyflon, 
polypropylene or other polymer fiber as that kind of separator 
example, nonwoven fabric filter etc which glass fiber and 
those polymer fiber blend is done can belisted. * 

[0019] 

[Working Example(s)] 
Working Example 1 

"Mixing Li 2C03 and Co C03, with mole ratio of 1 .5/1 , LiCoO 
2 was synthesized 5 hours by calcining with 900 °C in the air. 
Furthermore, inserting natural graphite 50g in concentrated 
sulfuric acid 500g of 98 weight %, itagitates. Including 
hydrogen peroxide water of 25 weight %, graphite intercalation 
compound was acquired. And, water washing drying this, heating 
to 800 °C. expanded graphite which expands to 200 time was 
produced. With roll compression molding doing this expanded 
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graphite in sheet. With jet mill pulverization doing in average 
particle diameter 7.5 m, it produced milled product ofthe 
compression molded article of expanded graphite. As for this 
d002, 0.336 nm , Lc was 42 nm , specific surface area 20 m2/g , 
density 2.25 g/cm3. 
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[0020] Melting polyvinylidene fluoride ( PVDF ) 4 parts by wei 
ght in N-methyl-pyrrolidone 67 parts by weight. Including 
above-mentioned UC0O2 89 parts by weight , milled product 
7 parts by weight of compression molded article of above- 
mentioned expanded graphite. With roll mill method , blending 
doing under insert atmosphere, it manufactured thepaint for 
positive electrode. This, in atmosphere painting it does on 20 
m Al foil making use of thedoctor blade. 130 °C 2 0 min 
drying, roll press doing, positive electrode of membrane 
thickness 50 m was produced. Like above positive electrode 
which is produced ( 20 mm ) and , for counter electrode Li 
metal , as separator polypropylene, porous membrane, for 
electrolyte solution, making use of ethylene carbonate / 
dimethyl carbonate (5/5 and volume ratio ) solution 2.0 mol/1 
of Li PF6. coin cell was produced, charge-discharge test was 
done. As for charge-discharge test making use of Hokuto 
Electronics make HJ-201B charge-discharge measuring 
apparatus. Until with current of 1 .5 mA battery voltage 
becomes 4.2V, itcharges. After stoppage of 10 min, with 
current of 1.5 mA, battery voltagedischarges to 3.0V. It 
measured discharge capacity, sought discharge capacity density 
( mAh/cm3 ), showed in Table 1 . 
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[0021] Working Example 2 

LiOH, Ni(OH)2, Co (OH) 2, is mixed with mole ratio of 1.0 
/0.9/0.1 . 2 4 hours calcining with 800 °C in air, it synthesizes 
the LiNi0.9Co0.lO2. Other than designating this as positive 
electrode active material, it is similar to Working Example 1 . 
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[0022] Working Example 3 

Mixing Li 2CO3 and Mn 203 with 1/2 mole ratio. 850 °C 10 
hours calcining in air, it synthesized LiMn204. Furthermore, 
with roll compression molding doing expanded graphite which is 
similarto Working Example 1 in sheet. With jet mill 
pulverization doing in average particle diameter 1.1 m. 
milled product of compression molded article of expanded 
graphite was produced. As for this d002, 0.33 6 nm , Lc it was 
a 55 nm , specific surface area 32 m2/g , density 2.26 g/cm3. 
Melting polyvinylidene fluoride ( PVDF ) 3 parts by weight in 
N-methyl-pyrrolidone 67 parts by weight. Including above- 
mentioned LiCo02 94 parts by weight , milled product 3 parts 
by weight of compression molded article of above-mentioned 
expanded graphite, With roll mill method , blending doing 
under insert atmosphere, it manufactured thepaint for positive 
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electrode. This, in atmosphere painting it does on 20 m Al 
foil making use of thedoctor blade. 130 °C 2 0 min drying, 
roll press doing, it produced positive electrode of film thickness 
50 m. 
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[0023] It produced battery below, to similar to Working Exam 
pie 1, appraised. 

Working Example 4 

As conductor, in Working Example 3, other than being averag 
e particle diameter of milled product of compression molded 
article of the expanded graphite 4.6 m, d002 0.33 6 nm,Lc 
48 nm , specific surface area 27 m2/g , density 2.25 g/cm3, 
used similarones. 

[0024] Working Example 5 

In Working Example 3 as conductor, other than being average 
particle diameter of milled product of compression molded 
article of the expanded graphite 16.0 m , d002 0.336 nm , 
Lc 41 nm , specific surface area 24 m2/g , density 2.23 g/cm3, 
used similarones. 
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[0025] Working Example 6 

In Working Example 3 as conductor, other than being average 
particle diameter of milled product of compression molded 
article of the expanded graphite 27.0 m , dO02 0.337 nm , 
Lc 15 nm , specific surface area 16 m2/g , density 2.09 g/cm3, 
used similarones. 
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[0026] Working Example 7 

As positive electrode active material, Li 2C03, Mn 203 and F 
e 203, are mixed with themole ratio of 1/1 .8/0.2. 750 °C 8- 
hour calcining in air, it synthesized Li Mn 1.8 Fe 0.2O4. As 
positive electrode active material, below , other than using this 
battery was producedwith as similar to Working Example 5. 
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[0027] Working Example 8 

"Melting polyaniline 7 parts by weight in N-methyl-pyrrolidone 
67 parts by weight, Including V2O590 parts by weight , milled 
product 3 parts by weight of compression molded article of 
above-mentioned expanded graphite, With roll mill method , 
blending doing under insert atmosphere, it manufactured 
thepaint for positive electrode. This, in atmosphere painting 
it does on 20 m Al foil making use of thedoctor blade. 120 
°C 2 0 min drying, roll press doing, it produced positive 
electrode of membrane thickness 50 m. Like above positive 
electrode which is produced ( 20 mm ) and , for counter 
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electrode Li metal , as separator polypropylene porous 
membrane, for electrolyte solution, making use of ethylene 
carbonate / dimethyl caftonate (5/5 and volume ratio ) 
solution 2.0 mol/1 of Li PF6, coin cell was produced, charge- 
discharge test was done. Until with current of 0.5 mA battery 
voltage becomes 3.7V, makinguse of Hokuto Electronics make 
HJ-201B charge-discharge measuring apparatus, it charges 
charge-discharge test. After stoppage of 10 min, with current 
of 0.5 mA, battery voltagedischarges to 2.5V. It measured 
discharge capacity, sought discharge capacity density ( 
mAh/cm3 ), showed in Table 1. 
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[0028] Working Example 9 

Li PF620 parts by weight , ethylene carbonate / dimethyl carbo 
nate (5/5 volume ratio ) 70 parts by weight was mixed, 
electrolyte solution was manufactured. Adding 
polyoxyethylene acrylate 12.8 parts by weight , 
trimethylolpropane triacrylate 0. 2 parts by weight , benzoin 
isopropyl ether 0.0 2 parts by weight to this. It mixed melted, 
manufactured photopolymerizable solution. In addition, 
melting polyvinylidene fluoride (PVDF) 3 parts by weight, in 
N-methyl-pyrrolidone 65 parts by weight. Including coke 
2500 °C sintered product 3 2 parts by weight. With roll mill 
method , blending doing under insert atmosphere, it 
manufactured thepaint for negative electrode. This, in 
atmosphere, painting it does on 20 m copper foil making use 
of the doctor blade. 120 °C 2 0 min drying, it produced 
negative electrode of membrane thickness 85 m. And, 
cutting off positive electrode , and above-mentioned negative 
electrode which areproduced with Working Example 5 in 50 
x80 mm. permeation doing above-mentioned 
photopolymerizable solution, irradiation doing high pressure 
mercury lamp, electrolyte solution solidification was done, 
laminated layer doing these, while applying pressure on uniform 
in the electricity generating element part, heat sealing after 
doing, three edges, under vacuum, sealing remaining one edge, 
it produced battery. As for charge-discharge test making use of 
Hokuto Electronics make HJ-201B charge-discharge measuring 
apparatus, battery voltage being 3.0 to 4.2V with current of 5 
mA, charge-discharge wasdone, discharge capacity was shown in 
Table 2. 
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.[0029] Comparative Example 1 

In Working Example 1, other than designating positive electro 
de conductor as artificial graphite, it issimilar, ( Lonza make KS- 
6). 

[0030] Comparative Example 2 

In Working Example 2, other than designating positive electro 
de conductor as artificial graphite, it issimilar, ( Superior 
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supplied Desulco #9039). 
[0031] Comparative Example 3 

In Working Example 6, other than designating positive electro 
de conductor as artificial graphite, it issimilar, ( Lonza make KS- 
6). 

[0032] Comparative Example 4 

In Working Example 7, other than designating positive electro 
de conductor as artificial graphite, it issimilar, ( Superior 
supplied Desulco #9039). 

[0033] Comparative Example 5 

In Working Example 8, other than designating positive electro 
de conductor as artificial graphite, it issimilar, ( Lonza make KS- 
6). 

[0034] Comparative Example 6 

In Working Example 9, other than designating positive electro 
de conductor as artificial graphite, it issimilar, ( Lonza make KS- 
6). 

[0035] 
[Table 1] 
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[Table 2] 



[0037] 
[Effect(s)] 

[Claim 1] Electrical conductivity of positive electrode improved, 
in addition, high capacity nonaqueous electrolyte secondary 
battery acquired due to fact that dispersibility of paint improves. 

[Claim 2] Especially, it was connected to improvement and cap 
acity increase of the film forming behavior by dispersal 
property improvement of paint. 

[Claim 3] Especially, it was connected to capacity increase by e 
lectrical conductivity improvement ofihe conductor. 

[Claim 4] It becomes possible to increase active substance conte 
nt, was connected to capacity increase. 

[Claim 5] Especially, it was connected to improvement and cap 
acity increase of the film forming behavior by dispersal 
property improvement of paint. 

[Claim 6] It became possible to increase active substance conten 
t , was connected to capacity increase. 

[Claim 7 and 8] It became possible to pull out characteristicof lit 
hium containing composite oxide effectively , was connected to 
capacity increase. (Claim 9) 

Dispersal property of conductive polymer being satisfactory, it 
became possible to pull out characteristic of active substance 
effectively , wasconnected to capacity increase. 

[Claim 1 0] Also matching of polymeric solid electrolyte was su 
perior, could not see decreaseof capacity with using polymeric 
solid electrolyte. 
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